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The atomic H 
In the case where p = 1 and V satisfies (1.1) the space H 1 A was studied in [DZ2] , where the atomic and Riesz transforms characterizations of the space were proved. Therefore in the present paper we shall consider the case where 
The answer is yes, however, for these values of p's different type cancellation conditions for atoms may occur. This will be studied in a forthcoming paper.
The function m(x, V ) appeared in [Sh] where fundamental solutions and boundedness of Riesz transforms associated with the operator A on L p spaces, p > 1, were investigated.
Useful estimates.
In this section we state some result concerning properties of the function m(x, V ). Further we present a number of estimates of the kernels associated with the semigroup {T t } t>0 .
Lemma 2.1. There exists a constant C > 0 such that for every 0 < r < R we have
Proof. See [Sh, Lemma 1.2] .
Proof. This is Lemma 1.4 of [Sh] .
Proof. See [Sh, Lemma 1.8] .
We say that a function ω defined on R d is rapidly decaying if for every N > 0 there exists a constant C N such that
Corollary 2.8. If ω is a rapidly decaying nonnegative function, then there exists a constant C > 0 such that
Proof. The estimate is a consequence of Corollary 2.2 and Lemma 2.7.
The corollary below follows from Lemma 2.3.
Corollary 2.9. For every rapidly decaying function ω there is a rapidly decaying functionω such that for every N ≥ 0 we have
The Kato-Trotter formula asserts that (2.10)
Theorem 2.11. There exists a rapidly decaying function ω ≥ 0 such that for every N > 0 there exists a constant C N such that
Proof. Let G(x, y) denote the fundamental solution of the operator A. Theorem 2.7 of [Sh] asserts that for every n ≥ 0 there exists a constant C n such that
It is not difficult to check using (2.12) that for every positive integer l there exists a constant C l such that
where M is the classical Hardy-Littlewood maximal operator.
Now (1.2) combined with (2.14) leads to
Finally Theorem 2.11 follows from (1.2), (2.15) and symmetry of the kernel k t (x, y).
Proposition 2.16. There exists a rapidly decaying function ω ≥ 0 such that
Proof. By definition
Using Theorem 2.11, we have
Applying Corollary 2.8, we obtain
The estimates for I 2 go in the same way by using Lemma 2.3.
Using the same arguments as in the proof of Proposition 2.16 and the fact that q t (x, y) = q t (y, x) we can show the following Proposition 2.17. For every 0 < δ ′′ < δ ′ there exists a rapidly decaying function ω ≥ 0 such that for every C > 0 there exists a constant 
The atomic H p ε;m quasi-norm is defined by
where the infimum is taken over all decompositions f = j λ j a j , a j being H p ε;m atoms and λ j being scalars. Let us note that f
For fixed 0 < ε ≤ 1 we define the maximal operator P * ε by the formula (3.8)
Proof. First we prove that there is a constant C > 0 such that
Let a be a H p ε;m atom associated with a ball B(y 0 , r). If a has the cancellation condition
This leads to |x−y0|>4r (P * ε a(x)) p dx ≤ C. Thus (3.11) is proved. The proof of the second inequality in (3.10) is a combination of a number of lemmas. Let ϕ (α) be a family of C ∞ functions on R d and B α = B(y α , r α ) be a family of balls such that there exists a constant C > 0 such that 
